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The association between supra-physiologic arterial oxygen 
levels and mortality in critically ill patients: a multi-centre 







































At a Glance Commentary 

















































































































































































































































































































































Characteristic	 1	day	exposure	 3	days	exposure	 5	days	exposure	 7	days	exposure	
n	 19593	 10571	 6391	 4318	
Hyperoxemia	dose	(kPa)	 0.54	[0.01,	1.75]	 0.30	[0.04,	0.86]	 0.26	[0.04,	0.68]	 0.27	[0.06,	0.65]	
Any	hyperoxemia	exposure	(yes)	 15182	(77.5)	 8865	(83.9)	 5580	(87.3)	 3912	(90.6)	
Cumulative	hyperoxemia	
exposure	(kPa.hours)	
13.00	[0.4,	42.1]	 21.84	[2.6,	61.6]	 31.41	[5.3,	81.9]	 45.03	[10.6,	108.7]	
Pre-ICU	hospital	length	of	stay	
(days)	
1	[1,	2]	 1	[1,	3]	 1	[1,	3]	 1	[1,	3]	
Age	(years)	 65	[51,	74]	 65	[51,	75]	 64	[49,	74]	 63	[48,	74]	
Weight	(kg)	 77	(20)	 77	(19)	 77	(20)	 77	(20)	
Sex	 	 	 	 	
			Female	 7834	(40.0)	 4149	(39.2)	 2431	(38.0)	 1621	(37.5)	
			Male	 11758	(60.0)	 6421	(60.7)	 3959	(61.9)	 2696	(62.4)	
		Not	available	 1	(0.0)	 1	(0.0)	 1	(0.0)	 1	(0.0)	
APACHE	II	score	 15.4	(5.8)	 16.5	(6.0)	 17.2	(6.2)	 17.7	(6.3)	
Prior	dependency	(none)	 16239	(82.9)	 8575	(81.1)	 5115	(80.0)	 3433	(79.5)	
Patient	type	 	 	 	 	
			Surgical	 10721	(54.7)	 4652	(44.0)	 2319	(36.3)	 1290	(29.9)	
			Medical	 8861	(45.2)	 5913	(55.9)	 4067	(63.6)	 3025	(70.1)	
			Not	available	 11	(0.1)	 6	(0.1)	 5	(0.1)	 3	(0.1)	
Surgical	classification	 	 	 	 	
			Elective	 6758	(34.5)	 2597	(24.6)	 1144	(17.9)	 539	(12.5)	
			Scheduled	 1557	(7.9)	 804	(7.6)	 372	(5.8)	 176	(4.1)	
			Urgent	 1025	(5.2)	 412	(3.9)	 220	(3.4)	 145	(3.4)	
			Emergency	 1702	(8.7)	 1029	(9.7)	 699	(10.9)	 517	(12.0)	
			Not	applicable	(Medical)	or	not	
available	
8551	(43.6)	 5729	(54.2)	 3956	(61.9)	 2941	(68.1)	
Ethnicity	 	 	 	 	
			Asian/Asian	British	Indian	 335	(1.7)	 180	(1.7)	 112	(1.8)	 85	(2.0)	
			Asian/Asian	British	other	 335	(1.7)	 206	(1.9)	 152	(2.4)	 119	(2.8)	
			Black/black	British	African	 555	(2.8)	 288	(2.7)	 188	(2.9)	 128	(3.0)	
			Black/black	British	Caribbean	 430	(2.2)	 211	(2.0)	 123	(1.9)	 82	(1.9)	
			Other	or	not	stated	 4746	(24.2)	 2592	(24.5)	 1574	(24.6)	 1031	(23.9)	
			White	British	 11880	(60.6)	 6337	(59.9)	 3759	(58.8)	 2541	(58.8)	
			White	other	 1312	(6.7)	 757	(7.2)	 483	(7.6)	 332	(7.7)	
ICU	length	of	stay	(days)	 3.5	[2.0,	6.6]	 6.0	[4.1,	11.0]	 9.2	[6.6,	16.8]	 13.1	[9.1,	21.7]	





Model	 Variable	 Odds	Ratio	(95%	CI)	 Chi	Square	 DoF	 p	value	
0-1	day	
Hyperoxemia	dose	 1.01	(0.93-1.1)	 0.071	 1	 0.790	
Any	hyperoxemia	exposure	 1.15	(0.95-1.38)	 2.110	 1	 0.146	
0-3	days	
Hyperoxemia	dose	 0.94	(0.85-1.03)	 1.777	 1	 0.183	
Any	hyperoxemia	exposure	 1.35	(1.04-1.74)	 5.157	 1	 0.023	
0-5	days	
Hyperoxemia	dose	 0.93	(0.83-1.04)	 1.441	 1	 0.230	
Any	hyperoxemia	exposure	 1.5	(1.07-2.13)	 5.372	 1	 0.020	
0-7	days	
Hyperoxemia	dose	 0.92	(0.81-1.05)	 1.416	 1	 0.234	

















































































































































































































































Characteristic	 1	day	exposure	 3	days	exposure	 5	days	exposure	 7	days	exposure	
n	 19593	 10571	 6391	 4318	
Hyperoxemia	dose	(kPa)	 0.54	[0.01,	1.75]	 0.30	[0.04,	0.86]	 0.26	[0.04,	0.68]	 0.27	[0.06,	0.65]	
Any	hyperoxemia	exposure	(yes)	 15182	(77.5)	 8865	(83.9)	 5580	(87.3)	 3912	(90.6)	
Cumulative	hyperoxemia	
exposure	(kPa.hours)	
13.00	[0.4,	42.1]	 21.84	[2.6,	61.6]	 31.41	[5.3,	81.9]	 45.03	[10.6,	108.7]	
Pre-ICU	hospital	length	of	stay	
(days)	
1	[1,	2]	 1	[1,	3]	 1	[1,	3]	 1	[1,	3]	
Age	(years)	 65	[51,	74]	 65	[51,	75]	 64	[49,	74]	 63	[48,	74]	
Weight	(kg)	 77	(20)	 77	(19)	 77	(20)	 77	(20)	
Sex	 	 	 	 	
			Female	 7834	(40.0)	 4149	(39.2)	 2431	(38.0)	 1621	(37.5)	
			Male	 11758	(60.0)	 6421	(60.7)	 3959	(61.9)	 2696	(62.4)	
		Not	available	 1	(0.0)	 1	(0.0)	 1	(0.0)	 1	(0.0)	
APACHE	II	score	 15.4	(5.8)	 16.5	(6.0)	 17.2	(6.2)	 17.7	(6.3)	
Primary	organ	system	 	 	 	 	
			Respiratory	 4032	(20.6)	 2670	(25.3)	 1917	(30.0)	 1486	(34.4)	
			Cardiovascular	 6221	(31.8)	 3181	(30.1)	 1577	(24.7)	 912	(21.1)	
			Gastrointestinal	 3479	(17.8)	 1766	(16.7)	 1070	(16.7)	 668	(15.5)	
			Neurological	 1035	(5.3)	 611	(5.8)	 402	(6.3)	 290	(6.7)	
			Poisoning	 314	(1.6)	 133	(1.3)	 72	(1.1)	 46	(1.1)	




750	(3.8)	 324	(3.1)	 164	(2.6)	 93	(2.2)	
			Haematologic/Immunological	 301	(1.5)	 199	(1.9)	 141	(2.2)	 101	(2.3)	
			Musculoskeletal	 549	(2.8)	 199	(1.9)	 102	(1.6)	 57	(1.3)	
			Dermatological	 129	(0.7)	 75	(0.7)	 52	(0.8)	 34	(0.8)	
			Psychiatric	 7	(0.0)	 5	(0.0)	 3	(0.0)	 3	(0.1)	
			Trauma	 520	(2.7)	 387	(3.7)	 299	(4.7)	 239	(5.5)	
			Not	available	 224	(1.1)	 141	(1.3)	 111	(1.7)	 86	(2.0)	
Prior	location	 	 	 	 	
			Emergency	Department	 3022	(15.4)	 1780	(16.8)	 1152	(18.0)	 813	(18.8)	
			Critical	Care	 1488	(7.6)	 1253	(11.9)	 1057	(16.5)	 906	(21.0)	
			Operating	Room	 11098	(56.6)	 4847	(45.9)	 2431	(38.0)	 1367	(31.7)	
			Ward	 3229	(16.5)	 2219	(21.0)	 1465	(22.9)	 1034	(23.9)	
			Other	 754	(3.8)	 470	(4.4)	 284	(4.4)	 196	(4.5)	
			Not	available	 2	(0.0)	 2	(0.0)	 2	(0.0)	 2	(0.0)	
Prior	dependency	(none)	 16239	(82.9)	 8575	(81.1)	 5115	(80.0)	 3433	(79.5)	
Patient	type	 	 	 	 	
			Surgical	 10721	(54.7)	 4652	(44.0)	 2319	(36.3)	 1290	(29.9)	
			Medical	 8861	(45.2)	 5913	(55.9)	 4067	(63.6)	 3025	(70.1)	
			Not	available	 11	(0.1)	 6	(0.1)	 5	(0.1)	 3	(0.1)	
Surgical	classification	 	 	 	 	
			Elective	 6758	(34.5)	 2597	(24.6)	 1144	(17.9)	 539	(12.5)	
			Scheduled	 1557	(7.9)	 804	(7.6)	 372	(5.8)	 176	(4.1)	
			Urgent	 1025	(5.2)	 412	(3.9)	 220	(3.4)	 145	(3.4)	
			Emergency	 1702	(8.7)	 1029	(9.7)	 699	(10.9)	 517	(12.0)	
			Not	applicable	(medical)	or	not	
available	
8551	(43.6)	 5729	(54.2)	 3956	(61.9)	 2941	(68.1)	
Ethnicity	 	 	 	 	
			Asian/Asian	British	Indian	 335	(1.7)	 180	(1.7)	 112	(1.8)	 85	(2.0)	
			Asian/Asian	British	other	 335	(1.7)	 206	(1.9)	 152	(2.4)	 119	(2.8)	
			Black/black	British	African	 555	(2.8)	 288	(2.7)	 188	(2.9)	 128	(3.0)	
			Black/black	British	Caribbean	 430	(2.2)	 211	(2.0)	 123	(1.9)	 82	(1.9)	
			Other	or	not	stated	 4746	(24.2)	 2592	(24.5)	 1574	(24.6)	 1031	(23.9)	
			White	British	 11880	(60.6)	 6337	(59.9)	 3759	(58.8)	 2541	(58.8)	
			White	other	 1312	(6.7)	 757	(7.2)	 483	(7.6)	 332	(7.7)	
ICU	length	of	stay	(days)	 3.5	[2.0,	6.6]	 6.0	[4.1,	11.0]	 9.2	[6.6,	16.8]	 13.1	[9.1,	21.7]	
























































model	 Likelihood	ratio	(Chi-Square)	 Degrees	of	freedom	 P	value	
0-1	day	 0.81	 2	 0.67	
0-3	days	 5.00	 2	 0.08	
0-5	days	 3.43	 2	 0.18	








model	 Interaction	tested	 Contrast	 Standard	error	 Z	score	 P	value	
0-1	day	 Respiratory	diagnosis	 0.00*	 0.01	 0.05	 0.96	
0-3	days	 Respiratory	diagnosis	 -0.19	 0.21	 -0.89	 0.37	
0-5	days	 Respiratory	diagnosis	 0.08	 0.25	 0.32	 0.75	
0-7	days	 Respiratory	diagnosis	 0.28	 0.30	 0.95	 0.34	
0-1	day	 Mechanical	ventilation	 0.00*	 0.01	 0.00*	 0.99	
0-3	days	 Mechanical	ventilation	 0.42	 0.25	 1.66	 0.09	
0-5	days	 Mechanical	ventilation	 0.36	 0.29	 1.23	 0.22	









model	 c-index	 Brier	score	 AIC	
0-1	day	 0.84	 0.037	 5570	
0-3	days	 0.78	 0.048	 3910	
0-5	days	 0.74	 0.060	 2870	
0-7	days	 0.72	 0.073	 2280	
	
	 	
	
Figure	S1.	Illustration	of	the	formation	of	the	nested	cohorts.	Patients	who	pass	all	study	entry	
criteria	and	who	remain	alive	inside	the	ICU	at	day	1	(24	hours	after	admission)	are	eligible	
to	be	included	in	the	day	1	cohort.	This	creates	a	cohort	of	patients	with	the	same	potential	
for	exposure	to	hyperoxemia.	Variable	exposure	from	death	or	discharge	(informative	
censoring)	therefore	does	not	present	a	risk	of	bias	to	the	model.	Nested	cohorts	are	
established	for	the	exposure	windows	of	0-3,	0-5	and	0-7	days	(referred	to	as	days	3,	5	and	7	
for	brevity)	with	patients	who	leave	the	ICU	from	death	or	discharge	between	the	boundary	
times	removed	from	the	cohort.	All	patients	who	reach	the	day	7	cohort	will	also	feature	in	
days	1,	3	and	5	cohorts.	
 
	
	
Figure	S2.	Study	flow	diagram.	*Internal	hospital	movements	refers	to	the	refactoring	of	
critical	admissions	to	represent	a	continuous	period	of	critical	care.	This	occurs	for	example	
when	patients	are	moved	from	one	unit	to	another	within	the	same	hospital.	These	moves	are	
administrative	in	nature	and	hence	reconciled	as	“spells”.	
 
	
Figure	S3.	Counterfactual	risk	reduction	plots	on	the	absolute	risk	reduction	scale.	Models	for	
exposure	days	1,	3,	5	and	7	are	presented	in	the	four	panels	as	labelled.	Positive	figures	on	the	
absolute	risk	reduction	scale	(y	axis)	imply	a	reduction	in	mortality.	Note	that	cases	with	zero	
exposure	(zero	hyperoxemia	dose)	lie	across	the	horizontal	dashed	identity	line	as	these	
patients	cannot	see	a	modification	to	their	mortality	via	this	mechanism.	
 
	
Figure	S4.	High	resolution	adjusted	model	calibration	plots.	Estimates	of	predicted	versus	
actual	values	are	based	on	subsetting	predictions	into	many	intervals.	Five	hundred	bootstrap	
resamples	are	performed	to	obtain	bias	corrected	(optimism	corrected)	estimates.	A	
nonparametric	smoothing	calibration	curve	(locally	estimated	scatterplot	smoothing)	is	
applied.	
 
	
Figure	S5.	Further	illustration	of	the	calculation	of	hyperoxemia	dose.	This	case	was	chosen	as	
it	reflects	non	zero	exposure	that	is	typical	at	the	25th	quartile	of	hyperoxemia	exposure.	Note	
the	early	gap	in	observations,	exceeding	the	12	hour	maximum	for	linear	imputation.	Zero	
hyperoxemia	exposure	is	assumed	during	this	period.	For	a	full	description,	please	refer	to	
main	figure	1.	
 
	
Figure	S6.	Further	illustration	of	the	calculation	of	hyperoxemia	dose.	This	case	was	chosen	as	
it	reflects	non	zero	exposure	that	is	typical	at	the	75th	quartile	of	hyperoxemia	exposure.	Note	
the	gap	in	observations	toward	the	end	of	the	day	7	model.	This	likely	corresponds	to	the	
removal	of	an	arterial	line,	and	no	further	PaO2	samples	being	drawn.	Zero	hyperoxemia	
exposure	is	assumed	during	this	period.	For	a	full	description,	please	refer	to	main	figure	1.	
	
	
Figure	S7.	Receiver	operator	characteristic	and	precision-recall	curves	for	each	model.	
	
